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WATER PRESSURE DISTRIBUTION ON A TWIN-FLOAT SEAPLANE

BY F. L. THOMPSON

SUMMARY

The ince8~ation reported herein U.WScmkted ty the National Adcieo~ Committee for
Aeronautics at tb request of the Bureau of Amonmdics, Nay Department. TM is the ~econd of
a series of inreeti.gatwne to detehnine ureter Pn&iure di.eiribution on rap”ous type8 of seaplane $oats
and hulls, and mm conducted on a twin--oat seaplane. It”corwieki oj meaeuring water preeeuree
and accelerations on a TS-I senplane during numerous lirnding and taziing maneurers at rarioua
speeds and angl.sis..

T71e results of tlii8 inwatigatiim 8h.ow that water fprewures as great a8 10 L38. per sq. in.
may occur at the etep in rariam rn.an.8urer8and that pre88ure8 of approximately the 8ame magnitude
ocour at tiie 8tern and near the bow in liurd pancale landings m“ih the stern well down. At other
part8 oj the.fioat the pre88wre8 are le88 and are ueually zero or 81iglttly negatire for some di8ta-nce abaft
the step. A maximum negatire pre8eure of 0.87 lb. per 8q. in. wa8 measured immediately shaft
tb 8tep. The mm-mum Pom”tirepre88urea hare a duration of approm”mately one-twentieth to one-
hundredi% 8econd at any gizzn lixatiun and are di4-iWed orer a rery limited area at any parh”cular
in8tant. 17ie greakt aiceleratione measured narmul to the thrust line at the c. g. occurred in pancuke
landkg8, and a mmkvum of .&3 g. wa8 recorded. Approximate ~oad distribution curre8 for b
wor8t landi~ conditwns are dericedfiom the data obtained to 8erre as a guide fin etatic teds.

INTRODUCTION

There is but little known concerning the ma=guitude and distribution of water pressures on -.
seapIanes when landing or taxiing on either smooth or rough water. Consequently, the size and
arrangement of structural membem that make up a seaplane float are based on experience with
previous successful designs rather than on definite information as to the forces to be encounkrsd.
FIoats that are undamaged in operation are sufficiently strong, but knowledge of the actual
water pressures encountered is needed before structural weight cm be safely reduced ta a
minimum.

At the request of the Bureau of Aeronautics, Navy Department, a series of investigations
to determine water pr~ures on VtiOUS typss of seapl~e floats are being made. The instig-
ation reported herein is the &cond in this series and was conducted on a twin-float seaplane.
The tit investigation was conducted on the ~()-1 @le-float seaplane and has been previously
reported. The third investigation is to be conducted on a boat-type seapkne.

A TS-I twin-float seaplane was used, and positive water pressures were measured at 15
stations on the outboard haIf of one float bottom. Subsequent to the positive pressure measum
ments, negative pr+wres were deti~ at five points abaft the step and one forward. The
apparatus used for measuring potitive prwsur~ was the same as that used in the previous inves-
tigation (reference 1), with some minor changes. Additional instruments were used to record
accelerations norm-d to the thrust be at the C. g. of the seapkne and to measure, approximately,
accelerations of the float bottom.

The tests incIuded numerous taxiing and Ianding runs at various speeds and attitudes
except that negative pressure measnrem~fa were confined to take-off runs. Simultaneous
records of the water preasws at SII Stations, the air speed, float ang~e, and acceleration were
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obtained. The average wind velocity was also determined with an anemometer whiIe testing
was in progress so that the water speed could be computed.

This report inchdes a brief description of the instruments and apparatus used in the tests,
a description of the test procedure, the results obtained and conclusions reached. The complete
data are presented in tables and are summarized by a table and curve showing the distribution
of maximum pressures over the float bottom. In addition, there are curves showing the ma?ner
in which water pressures act on the float bottom and approximate load distributions for hard
pancake landings.

APPARATUS AND METHOD
,

APPAEATUS

These tests were conducted on a TS-1 twin-float-seaplane. (l?ii. 1.) It is a single-place
biplane that may be equipped with either floats or wheels. As a seaplane it has a specified gross

I .—

FIGURE I.–TS-I eeaplene on whloh the tests were conducted

weight of 2,123 potinds. The weight of the research equipment used in the tests was such that
it was necessary to reduce the fuel load one-half to keep the gross weight as specified. It was
found that the landing speed was from 60 to 65 M. ~, H. for a normal landing.

The floats are of wooden con@nction and are shaped as shown in F@re 2. The step is 2
inches high at the keel; the angle of the after keel is 5M0; and a l~e from the bot~rn of tie step
to the stern makes an angle of 7° with respect to the deck line. The deck line is parallel to the

FIW7M2.—TS-Ifloathe5

thrust axis and wing chords. The ang~e of V is 17° at the bottom of the step and increases slightly
toward the bow giving a fairly flat entry. Abaft the step the angle of V is 16°. Negative pressures
were measured on a float of slightIy modified &ape. The principal differences are in the step

which is three inches high, and the after keel angle, which is 4°.
The research equipment included the following irqtruments and apparatus:
1. A single-component recording accelerometer. . . .

.-

2. -4 float mgle observer.
3. ‘PWO rmor&g manometers, . .. .
4. A swiveling Pitot-static air-speed head.
5. A motor-type electric timer. -.
6. A 4-element plunger-type acc$erometer: .
7. Water-pressure apparatus, positive and negative.,
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1. A description of the N. A. C. A. single-component recording accelerometer is given in
reference 5?. This instrument records optically the deflection of a weighted cantilever spring.

.—.
. ..—

The component of acceleration normal to the thrust line was measured with this instrument
during each run of the positive pressure tests.

2. Longitudinal float angles were recorded by photographing the shore line parallel to the
path of the seaplane with a smaU, motor-driven motion-picture camera rigidly mounted in the
fuselage. Five images per second were obtained.

3. Two recording manometers with two pressure cells each were used. h instrument of”
this sort with one pressure cdl is described in reference 3 as the recording eIement of an N. A.
C. A. recording air-speed meter. It records optically the deflections of a diaphragm actuated
by the pressure to be measured. One of the four pressure CWS thus provided was used to
record air speed in these tests. The other three were used to record pneumatic pressures used
with the water pressure apparatus.
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4. The sti~’cling Pitot-static air-speed head was located on a forward wing strut and was
connected to the air-speed recording pressure cell mentioned abo-re-

5. Records were synchronized by timing Iines at l-second intervals with an N. A. C. A.
motor-type electric timer. ii-n A-. AL.C. A. chronometric timer and the method of Usbg it are

described in reference 4. The difference in these two instruments is only in the means employed
to obtain periodic electrical contacts.

6. A plunger-type accelerometer with four elementa was used to measure, apprmdmately,
the acceleration of the float bottom planking. This was primarily for the purpose of deter-

- the proper correction to apply to recorded water pressures for the effect of acceleration
of the water-pressure tits. A photograph of this instrument is shown in Figure 3. It is
similar in principle to the accelerometer designed by Doctor Zabm. (Reference 5.) A cross
section drawing of one element and a diagram of the recording circuit and mechanism are given
in F~e 4. The four elements are similar but respond to diflerent accelerations. The varia-
tion in senaitivit y is obtained by nmying the plunger might and spring pressure. The elements
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were calibrated centrifugally, on a whirling table, Wd. were. adj usted to respond to accelerations
of. 2g, 4g, 6g, and 8g, “respectively, The record obtained is a line. broken in steps which indicate
the number of plungers making contact. To. insure p~oper. accuracy in recording short-period
accelerations, the contact clearance was set at 0.003 i.rich. The instruments was made as small
and light as practicable and weighed but O.6 poun”d wh~ ready for installation. It was mounted
on the right side of the bottom of the left float about 15 inches forwald of the step and in the
center of an unsupported bottom planking area.

7. A detailed dwcription of a water-pressure u~t and the c&plete apparatus used. in
recording water prekeures is given in reference 1.. The water-pressure units operate on a prin-
ciple of opposing the force due to water pressure. on one. end of a piston by a force due to a known
pneumatic pressure on the other end, When the water force exceeds the pneumatic force the
piston makes an electric contact which is indicated in an optical record by deflection of the
record line. Four such pistona in each unit respond to dfierent water pressures and cause
difterent deflections. The range of pressures recordable depends oh the pneumatic pressure .,
which can be varied as desired. Fifteen of these pressure units were installed in the left side
and seven in tho right side of the bottom of the left float, as shown in Figgre 5. As the water-
pressure recorder accommodate but 15 pressu e units, all those on the left side were first con-

!netted. The remaining seven units were to .b connected later to detmmine if an appreciable
difference .in presstme existed between the two sides of. the float botto~... Thk was not donej
however, since the floats were in very bad condition. at the completion of the tests with the
first16 units. .-

........ -

FIGURE 5.-TS-1 flcat bottom with pwauwUII!Ulnitulled.

.—

The only essential difference between the installation used in these tests and that used
formerly, as described in reference 1, is in the connection of all pressure unit recording circuits
in parallel to a 6-volt storage battery instead of using independent circuits with a 1.6-voIL dry
cell for each one. The electrical circuit for each pressure unit is similar to that of the plunger-
type accelerometer shown in Figure 4. When this acceleromet~ was used it was connected to
the water pressure recorder in place of one of the water-pressure units.

Negative water pressures were recorded with t~yo 2-pressure-cell recording manometers
as described above. They were connected to one-eighth inch diamet~r orifices in the float
bottom by metal tubing. Fi~k orifices were located_ abaft the step and one immediately for-
ward, all on the same aide of the float bottom. Each manometer acccnnmodated two orifices,
so that only four orifices at a time. could be connected.

The general arrangement of the instrument installation is shown in Figures 6, 7, and 8.
The water-pressure recorder is conspicuous in E’igure 6. Two storage batteries gre crqied in
the forward compartment over tha group of recording instruments which are shown more
clearly in Figure 7. Figgie..8 shows the piIot’s ‘cockpit. The gauges, dial, and hand pump
are parts of the apparatus used in adjusting the pneumatic pressure applied to the water-
pressure units. One switch on the. instrument board and one by the throttle control were
operated when making a run. The latter switch could not be left on more than three seconds,
which made it necessary to judge accurately the exact time to operate it when landing.

With instrument and installation as thus described, continuous records, synchronized at
l-second intmvals, were obtained during each ~n. The length of the run, when measuring
positive water pressures, was limited to three seccmk or lees by the nature of the recording

--
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FIGURE &-Generel view of the lnetrument IneMIetiun in the TM apkme
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arrangement. In the negative pressure tests the length of the records w’as not limited to so
short a period and continuous records of complete take-off runs were obtained. Air speed,
longitudinal float angle, accel~ation, and water pressures were measured simultaneously during
each run, with the exception that during negative pressure tests, acceleration records were not
obtained. Positive water pressures were measured. at all 15 stations simultaneously, and
negative pressures were recorded at six orifices in all, with only four connectid at any one time.

Fmtnm S.-Interfor of the ccckpit

METHOD

The maneuve~” included taxiing at various attitudes and speeds up to get-away, stalled
landings with power off and power on, fast landings, pancake landings, and porpoising. Nega-
tive pressures were measured during take-offs with the control back, neutral, and forward,
respectively. Each negative pressure run was continuous fron~. opening of the throttle to geb
away. The actual get-away when taking off with the control. neutral or forward was accom-
plished by pulling the control back. The pancake laiiiings were made by stalling at a very
high angle several feet above the water. The seaplane showed a pronounced tendency to
porpoise, particularly when decelerating after landing, and water pressures were therefore
measured during this maneuver.

The wind velocity was detemined with an anemometer -while making tests so that the
approximate water speed cotid be obtained from the air-speed record. The tests were all
made in sheltered water where the maximum waves encountered were not more than 15 inches
high. The pancake and fast landings developed pressures which damaged the float bottom
so maneuvers in rough water were not attempted. The pancake landings caused high locdl
pressures to occur over nearly the entire length of the float and also large total loads with” the
maximum resultant force applied well forward of the c, g. This is probably similar to the
effect of encountwing large waves, although the direction or magnitude of the resultant force
caused by waves might be such as to cause greater stresses in the structure, particularly if the
waves were not met head+n. T.

Both floats were cracked at the step during the tesis, The right one was in poor condition
at the start and was damaged in a fast landing. The. left float cracked in a pancake landing,
A landing made whi!e making negative pressure trials was unintentionally hard and ruined
both floats, making it necessary to replace thorn” both for the negative pressure tests.

,
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PRECISIO~ OF RESULTS

The accuracy with which water pressures are recorded is discussed thoroughly in reference 1.
The two chief sources of error, as shown therein, lie in the effect of acceleration on the ntovable
pistons of the pressure units, and in the method of bracketing the true pressure between limits
of a pressure exceeded and one not exceeded. The error caused by acceleration may be corrected
if the acceleration is known. The error due to bracket@ is dependent on the closeness of the
pressure Emits which varies for different pressure units. The true pressure should be considered
as the mean of the limits. For a representative case, the difference between the mean and the
limits was found to be about 9 per cent of the mean, but the accuracy of the mean for any par-
ticular case must be found from the actual Iimiting pressurea determined. A maximum
correction for acceleration should be based on an accekration of approximately 4 g, es determined
with an accelerometer in the float bottom. The computed maximum correction to be added
to the recorded pressure limits is then approximately one-fourth pound per square inch.

The matium pressures corrected as above are probably correct within less than +10
per c.emt.

The air-speed measurement is estimated to be accurate within + 111. P. H.
The accuracy of the water-peed measurement depends on the accuracy of the air speed

and the accuracy with which the average -rind velocity represents the actual wind velocity
when a run is made. The accuracy is drnated to be within + 411. P. ~.

The float-angle values are correct within + %O.
The accuracy of the negative prwsure measurements is within +2 per cent.
The accelerations at the c. g. are considered to be accurate within + 0.1 g.
The acceleration of the fioat bottom. can only be approximated since it was determined

by limiting accelerations between values 2 g apart. The limits themsel~es have negligible errors.

RESULTS

POSFITVE PRESSCEES

The maximum pressures recorded during each run are given m Table I, accompanied by
a dwcription of the maneuver, the air speed, longitudinal float angle, maximum acceleration,
condition of the water surface, and the approsirnate water speed. The locations of the pressure
stations are shovm in a figure accompanying the table. For some stations the highest pressure
emeedsd is not accompanied by an upper limit of pressure not exceeded. Where both Iimits
are given the true mmirnum pressure is considered to be the mean of the limits plus a correc-
tion of one-fourth pound per square inch for acceleration of the pr&sure unit, as mentioned in
the discussion of precision. Where ody the lower tit is given the true maximum is con-
sidered to exceed this limit by thee-fourths pound per square rnch, which includ= the correc-
tion for acceleration and an assumed value of one-half pound per square inch based on a study
of the complete data and the limits that were eatablkhed at other stations. The five highest
true pressures at each station are given in Table H with each pres=e corrected as above,
aIthough it is probable” that the correction for acceleration is slightly excessive in some cases,
which would make the tabulated pressures a Little greater than the actual pressures experienced
for such cases. The maximum pressure for earh station as givcm b; this table was used in
plotting the curve of Figure 9, which shows the distribution of masimum pressures over the
float bottom.

The highest pressures occurred in pancake landings, very fast landings, and in fast taxiing
runs. The highest vertical accelerations, 4.3 g and 3.8 g, occurred in pancake landings. Accel-
erations in excess of 3 g also occurred in fast landings, and in one porpoising run in 12 to 15..
inch waves. In the latter run the acceleration was 3.4 g; the water pressures, however, were
not obtained. The -worst distribution of pressures occurred in the pancake kmlings. In these
maneuvers the float angle was large and the rate of descent was l@h. The result was high
pressure at the stern followed by high pressure at the step and later at the bow. The reason for
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this wide distribution of high pressures was $he rotation of the seaplane caused by the force
abaft the c. g. and subsequently retarded by a force forward of the c. g. The shape of the float
and the location of the c. g. were such that the retarding force was deve~oped suddenly by a
high pressure near the bow. During other. maneuvers very high pressures were confined to
a region extending forwani from the step a short d&nce. The distribution of maximum
pressures given by the curve of Figure 9 therefore closely represents the distribution in a severe
pancake landing,

The maximum pressures which have been discused do not occur simultaneously over the
entire float bottom, but are coniined to a small portion of the bottom at aRy particular instant;
and last only one-twentieth to one one-hundredth ~securid, In a few cases it has been possible to
detemnine accurately the duration and to trace the progress of pressure in excess of a c?mtain
value as it travels over the float bottom. The duration and travel of the high pressure can
then be shown by curves as described below.

The operation of the first piston of a water-pressure unit indicates that- the water pressure
has exceeded the minimum pressure which the pr~iwe unit will record with the particular
internal pneumatic pressure used. The elapmd time during which this piston remains against

‘Stern -
—.-p ---- -. .,.,-

FIGURE 9.—DWIbutfon of max!mum water pressure 011the i%mtbottom

its contact represents the duration of the water pressure in excess of that minimum. The
relative time at which the fist piston. of each press~e unit operat~ is determined from the
water-pressure record. These values are used as ordinates in plotting a curve with distance
of the stations from the step as abscissas: Separate curves aie “drawn for stations along the
keel and along the chine. To these ordinates increments are added which represent the dura-
tion of the pressure in excess of the minimum which each u~t will record. Two p-airs of curves
are thus obtained; one represents the travel and duration of pressure in excess of a certain mini-
mum along the keel, and the other does the same for stations along the chine. The difference
in time between the start of high pressure at the keel and chine at a given abscissa represents
the Iag k transverse distribution of pressure due to the V bottom.

The procedure, as described above, was followed for two severe pancake landings, r&s 55
and 56. The resulting curvas are shown in (A) and (B) of Figures 10 and 11. The lag in
transverse distribution of pressure is noticeable in these curves, The minimum pressure re-
cordable was approximately 5 to 6 pounds per square” ”inch for all stations during both of these
runs, and the curvw therefore represent the travel and duration of pressure exceeding 5 to 6
pounds per square inch. At some stations this minimum pressure was not exceeded and the
pressure travel curves, therefore, could not be drawn for the portion of the bottom represented
by these stations.

In addition to the high pressure concentrate.d .on a.smaII area at a particular instant, them
is also a smaller eustained pressure over a large area to consider. The fluctuations in pressure
in a small fraction of a second are usually much greater than the range of pressures that the
pressure units will kecord at one setting of the internal pneumatic pressure. It is therefore



WAIER PRESSURE DWPRIBUTIOh- ON A TWEW?LOAT SIUPLANE 547
●

necessary to determine the highest pressures for a maneuver in one run with the interned pres-
sure set for a high pressure range, and the low sustained pressures ti a repetition of the maneuver
with the internal pressure set for a 10VW recording range. A study of the records on which
low pressures are recorded givas a basis for aR assumption as to the sustained pressure to expect
o~er a huge area whiIe a concentrated high pressure exists at any given location.
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FIGrXE 10.—Travel Ofhfgh LxaI pmSSIUXCWarthn float bottom Ln psmmks Iandlng, run 65.
Water speed 49 M. P. EL, smcdh water

A sustained pressure which continued for at least one-fourth second after the high pressure
had passed the stations was recorded at stations C, D, and H during pancake landing run 44.

. .._—.

This landing was similar to”the pancake hmiiugs, runs 55 and 56, for -which the pressure trave~
—_

curves are given, wit h the esception that it was made on -water with 10 to 12 inch wave-s and
--—--.--= ._
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FIGCM 11.–Tranl ofhfshbcd Pramrs over the float Mtom fn pancske landing, run 56.
Water sPA 47 to 4!2hL P. H., mnoath water

.—

at 10 J1. P. H. less water speed. The highest recorded acceleration at the c. g. (4.3 g) was ob-
tained in this run and the float bottom was damaged at station B. The sustained pressure was

-.

4.3 to 5.7 pounds per squ~e inch at C, in excess of 4 pounds per square inch at D, and 2.8 to

—

4.1 pounds per square inch at t+. At the same time it was less than 3.1 pounds per squme inch
at A, 4.5 pounds per square inch at B, 4.3 pounds per square inch at E, and 2.5 pounds per square
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inch at stations F, G, K, rind L. During other msneu%rs large suet ained pressures were recorded
at some other stations. At-station A, 5.3 pounds per square inch was almost continuously ex-
ceeded, and at B 5.4 pounds per squme inch was intermittently exceeded during taxiing run 24.
During taxiing run 20 a sustained pressure of 2.4 to “3.1 pounds per square inch was recorded
at station F, and in taxiing run 21 a sustained pressure of 3 to 3.9 pounds per square inch misted
at E. Station 0, abaft the step, indicated a sustained pressure of 2.1 to%.5 pounds per square
inch during taxiing run 15 while at P during t$e samenwn 2.1 pounds per square inch was only
exceeded intermittently. In each of these .tasiing runs the location of the sustained pressure was
dependent on the attitude of the float. The pancake landing is particularly important by reason
of the high local pressure which travels from the stern to the bow and the large total load indi-
cated by the acceleration at the c. g. It appeam permissible to assume for this maneuver that a
sustained pressure of 3 pounds per square inch exists over the bottom from the step forward to
the position of the high-pressure area at any instant. From rewdts obtained in the negative pres-

0

FIGUEE EL—Approxlmat# bads W thrm Int8rYaIs for a
severe pancake Iand@

sure tests, @cussed later, it is considered that the
pre~ure abaft the step is negligible when the high
pressure is forward.

Without records which show the exact simulta-
neous pressures over the entire float bottom it is
impossible to determine an actual load distribution
accurately. It is possible, however, to arrive at a
probable load distribution from a study of the high
local pressures and the low sustained pressures meas-
ured for the same maneuvers but on different runs.
The sustained pressures likely to prevail in a severe
pancake landing have been discussed above. Th~
area subject ‘h”high pressure at a given inetag~ in a.----.
pancake landing is dete~mined from the pressure-
tmvel curves.

The” intersections of a time ordinate with the
pressure-travel curves (A) and (B) of Figures 10 and
11 ,determiqq four absciasas which are projected down
to their respqetiva positions on the lines of the keel
and chine stations. These four points determine two
sides of the area subject to pressure in excess of 5 to
6 pounds pei iquare inch, which is bounded by the
keel and chine on the other two sides. The actual
magnitude of the pressure in this area is determined
from the pressures given by the maximum pressure

distribution curve of F~re 9. The areas subject _to high p~essure,- as thus determ~ed, are
shown by the shaded areas in Figures 10 and 11 on one-half the projected float area. The
interds are chosen to show the areas when the high pressure is under the c. g., in the middle of
the forehody, and near the bow. In the middle of the forebody the high pressure area is a maxi-
mum, although the pressure is not. The projected area is used because only vertical 10MIs are
considered. The boundary linas of the areas are not perpendicular to the keel because of the
lag in transverse distribution of pressure.

A rectangular representation of the load distributions at three successive intervals during a
pancake landing is given in F~ure 12. The high pressure at a given instant is represented by a
rectaugle with a height equal to the pressure on the area in pounds per square inch. The
width is that of an area equivalent h the actual area subject to high pressure as given in Figures.
10 and 11, but with sides perpendicular to the keel. It is found by dividing the actual high-
-pressure area by the width of om+half the float. The .ower sustained pressure is represented
by another rectangle with a height representing a pr-e of 3 pounds per square inch and a
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width extending forward from the step to the high-pressure area. The combined

.

549

arem.of these
two rectangles ‘multiplied by the width of both ~oa~s is the totrd vertical water load. Thus,

L––*X n?

when a = combined area of load rectangles.
6 =w-idt.h of one float =26 inches.

lF=gross w&Uht of seaplane =2,150 pounds.
L= total vertical water load.

The actuaI might is substituted only in the denominator so that Z is given in terms of W’.
The three load distributions of F~e 12 represent the viorst conditions of the two pancake.

hmding rURS 55 and 56. Case 1 represents the distribution with the high-pressure area under
the c. g. and was taken from run 56. Cases 2 and 3 were taken from run 55 and represent the
distributions when the high pressure is extended over a maximum area in the forebody and
when it is near the bow, respectively. The distribution forward in this landing was unusudy
bad.

The masimum total load thus derived is 64 W, where IT is the weight of the seaplane.
The maximum load indicated by the accekrations measured at the c. g. is 4.3 T. The maximum
acceleration was not obtained for run 55 and it is possible that it was slightly greater than the
4.3 g determined in a similar hmding. It is likely, howcwer, that the chief cause for the dis-
crepancy is inaccuracy in the aesumed load distribution, particularly in the sustained pressure
extending from the step to the high-prcxm.re area. A small diiTerence due to flexibility of the
structure is also to be considered, and there is a possibility that the load is unequaIIy distributed
between the floats. The time at which the maximum accelerations occurred in the pancake
landings is in fair agreement with the load distributions show-n, as the ma.sima occurred when
the high pressures were well forward. The load distributions are, therefore, probably represen-
tative of actuaI conditions with the exception that the magnitude of the computed total lo&d ia
possibly somewhat greater than that actually ~erienced.

The point of application of the resultant force may be determined from the load distribu-
tions given, but the direction of the resultant is unknow-n. It does not pass through the G. g.
when the resultant is forward as there is considerable angular acceleration. The magnitude of
this angular acceleration can not be determined accurately from the float angle records, but the
record for pancake landing run 44 shows that it, may be as great as 10 radians per second per
second. This shows that the restitant must pass conaiderably forward of the c. g.

The load distribution abaft. the step can not be det+mmined by the method used for the
forebody since no continuous pressure travel curves were obtained. However, the accelero-
meter at the c. g. recorded 1.8 g when the high pressure was abaft the step in pancake landing
mm 56, and at the same time the float bottom accelerometer exceeded 2 g. Stations Q and P
both recorded very &ah pressure in this land@ and the resultant load is, therefore, probably
appIied between these two stations or about 4 feet abaft the step, and. is of consider-
able import ante.

NEGATrVEPRESSURES

%rmdt.sneous values of the negative pressures at intervals during take-off are given in Table
III with the corresponding air speed, float angle, and appro-ximate viater speed; and in a figure
accompanying the tabIe the locatiom of the pressue orifices are shown. The pressures were
read at several intermds from continuous records taken ftom opening of the throttle to get-away.
The intervak were chosen so as to include I@h pressures throughout. the rune and are timed in
seconds from the start of the take-off.

At low speeds negati~e pressures -were sustained and existed over a small area extending a
few inches abaft the step. At high speeds this area extended back along the keel more than 2 feet,
but not along the chine, and the pressures were sharply fluctuating as shown in Figure 13. At
intermediate speeds the pressures abaft the step were nearly zero but in some cases there were
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small peak pressures at reguhir intervals corresponding to the period of oscillaticm of the sea-
plane. Them. variations wer~.rnostmoticeable at sta$ions 1, 3, and 4, at which they occurred
simultaneously, but the peaks were usually positive at~tation 3 instead of negative as at 1 and 4.
At station 5 the pressure was unusual in that it.showed no sharp fluctuations, Forward of the
step the pressure was always. positive.

The largest negative pres&r& ~til’e ‘recorded a; &tions 1- &id ? immediately abaft the
step and occurred with the control neutral at water speeds of fro”m 9 to 1531. P. H. The highest
value obtained was 0.87 pound per square inch, which is of small structural importance, At
high speeds the pressures fluctuated rapidly and there is a possibility that this might cause ~.
considerable vibration of the bottom skin.

The negative. pressures were influenced by the speed and float angle. One of the forces
determining the ffoat angle @ the force on the elevatcys. It- was foun~ that with the control .
held back the sustained negative pressure abaft the s;6p at low speeds was largely el.hnihated,
and that the longitudinal acceleration during take-iiff was steady. With the control rieutial
or forward the negative pressure at low, speeds was high and sustained for a period of several
seconds, during which the acceleration was very slight,-

FIGURE 13.–Reprcduotfon of a typlceI negatfva p~ rword ehowlng rapfd
fluctuetlom of prewrre near get.eway

DISCUSSION OF RESULTS

It is considered that the mafimu pressures obtained were emessive for the TS-I float,
since both floats were damaged dufig tests ~d even~ual]y tied in a landing apparently no
worse than others for whi& records were obta~ed. ~~e comp]ete fai]ure was probably caused
by the repetition of hard land@a On floats which lad had considerable service. The final
failure was in the planking, st&ers, and stringer br,@ng a short distance forward of the step. _
This indicates a failure due to local pressure which is-not necessarily coincident with mifimum _.
momentror total vertical load.

Large total loads as well as high local prwsur~ r~u]t from pancake landings with large
float angle, In addition, the maximum r&ultant for~.is well forward of the,c, g. which imposes

a large moment. The direction of this restitant force was not determined because no. rneas- -
urements of the longitudinal componenb of either force or acceleration were made, but the - ,
existence of considerable angular amelerat,ion shows that itdow not pass through tho t. g.

The maximum pressure on. the TS-1 was about 10 pounds per square inch and on the
UO-1, 6.5 pounds per square inch, High pressurw were experienced near the bow of the TS71
and not on the U&l. The higher pressures on the TS-1 are probably due to unequal distribu- “
tion of the load between floats, the “generally higher””~peed, and the smaller angle of V. The
speed of the TS-1 for comparative maneuvers is 5 to. 10 X4. P. H. Mgher than for the UO-1;
and the angle of V is 3° lws at the ~tep and 100 less at corresponding positions near tk bow.

.

The peak pressure near the bow is probably due to the..small angle of V and the gradually rising
keeI line. It is prabably influenced also by the location of the c. g., which is 6 inchm farther
forward on the TS-1 than on the UO-1 float.

The negative pressures me of sma~ ma~itud~~ and the investigation shows” that it is
reasonable to neglect pressures abaft the step when cofidering ~otal loads with a pressure
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peak forward of the step. The results indicate a relation between negative pressure and float
resistance which is possibly of sufllcient importance to warrant a more complete investigation
of this relation.

CONCLUSIONS

The results of this investigation apply only to the TS-1 seaplano as used in these tests.
The effect of variations in speed, float shape, and other characteristics likely to be difkrent in
other designs is probably considerable on both the ma.titude and distribution of pre.ssurea.

W&mum pressures as high as 10 pounds per square inch are most likely to occur at the
step, but under some conditions of landing, pressures of practkly the same magnitude may
also occur at the stern and near the bow.

The only part .of the float on which no kuge pressure occurs is a limited area immediately
abaft the step in which a rnasimum negative pressure of 0.87 pound per square inch was
measured.

fifaxi.mum pressures are always contlned to a smaI1 area at any instant and last approxi-
mately one-twentieth to on-hundredth second at any given location.

Sustained pressures are always small compared to the maximum pressures and are greatest
near the step.

The worst distribution of pressures and the greatest accelerations at the c. g. “occurred in
pancake landings and were principally due to the de-mlopment of a high pressure near the bow.

The negative pressures which exist abaft tie step appear to be of small consequence strut- ‘
turally, but may be of sutlicient interest in a stud~ of float resistance and trim to warrant a
more complete investigation. .

A verticaI component of acceleration of 4.5 g at the c. g. is not likely to be exceeded in a
safe hiding.

Acceleration of the float bottom is probably I to 2 g greater than that at the c. g. in hard
landings.

In future investigations of this sort the longitudinal component of acc&leration at the c. g.
should be measured.

—--
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TABLE I.
WATRR-PRE8NJREDISTRIBUTION ON THE TS-I SEAPLANE FLOAT
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TABLE 11

SUMMARY Or FIVE “131GHES’T PRESSURES AT ALL STATIONB
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TABLE III

NEGATIVE WATER PRESSURESON T3E T&l SEAPLANE FLOAT
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Do.

Q&@VW at 24aeconde.

Wt-aww at 23% eanda.

3at-aweyat22)4aeconda.

hxdion ofnegative presura orhlcea In the
TS-1 float


